Evidence for two independent pathways of electron transfer in mitochondrial NADH:Q oxidoreductase. II. Kinetics of reoxidation of the reduced enzyme.
The pre-steady-state kinetics of reoxidation of NADH:Q oxidoreductase present in submitochondrial particles has been studied by the freeze-quench method. It was found that at pH 8 only 50% of the Fe-S clusters 2 and 4 and 75% of the clusters 3 were rapidly reoxidised after transient and complete reduction by a pulse of NADH in the presence of excess NADPH. Thus, NADPH keeps 50% of the clusters 2 and 4 and 25% of the clusters 3 permanently reduced at this pH. Since NADH oxidation is nearly optimal at this pH, whereas NADPH oxidation is virtually absent, it was concluded that these permanently reduced clusters were not involved in the NADH oxidation activity. Incomplete reoxidation of the clusters 2, 3 and 4 after a pulse of NADH was also found in the absence of NADPH, both at pH 6.5 and at pH 8. A pulse of NADPH given at pH 6.5, where NADPH oxidation by oxygen is nearly optimal, caused a slow reduction of 50% of clusters 2 and 4 and 30% of the clusters 3, which persisted for a period of at least 15 s. It was concluded that these clusters were not involved in the oxidation of NADPH by oxygen, as catalysed by the particles. As a working hypothesis a dimeric model for NAD(P)H:Q oxidoreductase is proposed, consisting of two different protomers. One of the protomers, containing FMN and the Fe-S clusters 1-4 in stoichiometric amounts, only reacts with NADH, and its oxidation by ubiquinone is rapid at pH but slow at pH 6.5. The other protomer, containing FMN and the clusters 2, 3 and 4, reacts with both NADH and NADPH and has a pH optimum at 6-6.5 for the reaction with ubiquinone.